A research and development (R&D) project on a nuclear data processing and utilization system was started in 2002 for a five-year plan for innovative nuclear energy systems such as innovative reactors and accelerator-driven systems. The nuclear data processing and utilization system is being developed to use on a PC-Linux server through the Internet, so that it has a graphic user interface (GUI) in order to easily utilize the system for various nuclear design studies in the innovative reactor development. The nuclear data processing and utilization system, which is able to handle JENDL-3.3, ENDF/B-VI, and JEFF-3 to generate point-wise and group-wise cross sections in several formats, has the capability to perform criticality and shielding benchmarks. A prototype system was developed in order to examine the operability of the user interface and discuss detailed specifications of the system. The system is expected to be a verification tool of nuclear data for development of innovative nuclear reactors, because cross-section generation with nuclear data and the various benchmarks for criticality and shielding problems can be easily performed.
INTRODUCTION
The development of a nuclear data processing and utilization system was started in 2002 for a five-year plan as part of a research and development (R&D) project entitled "Fundamental R&D on Neutron Cross Sections for Innovative Reactors using Advanced Radiation Measurement Technology," which is one of the research tasks of "Innovative Nuclear Energy System Technology (INEST) Development Projects (Field of Innovative Nuclear Reactor Technology)" approved by the Ministry of Education, Culture, Sports, Science and Technology (MEXT).
The nuclear data processing and utilization system is designed as a module of an integrated nuclear data utilization system. The integrated system is developed as a modular code system, which consists of two systems. One is the nuclear data search and plotting system. Nuclear data such as EXFOR [1] , JENDL-3.3 [2] , ENDF/B-VI [3] , and JEFF-3 [4] can be searched and plotted in the system. The other is the nuclear data processing and utilization system, which is able to handle these nuclear data libraries to generate pointwise and group-wise cross sections in several formats, and perform criticality and shielding benchmarks suitable for verification of nuclear data for innovative reactors. The integrated system will have a graphical user interface in order to easily utilize the system through the Internet for nuclear design studies in innovative reactor development. The system flow is shown in Fig. 1 .
The integrated system is planning to use a PC-Linux server for registered members. For a user who has not much experience, the control menus are simplified by selection from given items and the system is available by minimum entry data. A prototype of primary menu panels was produced to examine the flow and contents of the menus.
NUCLEAR DATA PROCESSING AND UTILIZATION SYSTEM
The nuclear data processing and utilization system is able to handle nuclear data in the ENDF-6 format to generate point-wise and group-wise cross sections in several formats and perform various criticality and shielding benchmarks for verification of nuclear data for innovative reactors. One of the features of the system is that the verification of nuclear data is available by using criticality and shielding benchmark problems selected from databases such as the International Criticality Safety Benchmark Experiments Project (ICSBEP) [5] and Shielding Integral Benchmark Archive and Database (SINBAD) [6] . The system is designed for users who are not only nuclear design engineers but also nuclear data evaluators, who intend to verify nuclear data for safety issues in the innovative reactor development. A brief specification for cross-section generation and the benchmark problem is shown in Table 1 .
The system mainly consists of two parts; one is the cross-section generation suite, and the other is performing benchmarks. The main menu of the system is shown in Fig. 2 . If the cross-section generation is selected, a menu for choosing a point-wise or a groupwise format is shown. Figures 3(a) and 3(b) show the series of the selection menus for the point-wise library format and nuclear data. Figure 3(a) shows the selection menu of library format from MCNP4C [7] or MVP [8] . Figure 3(b) shows the selection menu of nuclear data from JENDL, ENDF/B, or JEFF libraries. The processing conditions such as nuclide, temperature, calculation tolerance, and the identification number can be specified. The multigroup library is also generated in a similar procedure. Arbitrary multi-group formats can be selected, and processing conditions such as energy groups, order of Legendre coefficients, temperature, weighting function, and a set of background cross sections can be specified.
The cross-section processing is usually time consuming, so that the system indicates the process identification number to the user and terminates the user session. The user can continue the succeeding process after an email is sent by the system.
If the user clicks the benchmark calculation button in the main menu in Fig. 2 , the following menu is displayed as shown in Fig. 4 . The benchmark execution button is used to proceed to the benchmark calculation. The confirmation button is prepared to display the previous benchmark results. If the former button is clicked, a menu for choosing shielding or criticality benchmark is shown. The benchmark problems contained in the system are selected from benchmarks adopted in the JENDL-3.3 verification. The system is also designed in a way that the addition of new benchmarks suitable for innovative reactors is easily performed. If the user selects the shielding benchmark, the upper part of Fig. 5 is displayed. For the shielding benchmark, problems are categorized by each element or nuclide. If the user chooses the element name such as iron, a number of shielding benchmark problems available in this system are displayed in the lower part of Fig. 5 , so that the users can select the suitable benchmark for their purpose. If the ORNL SDT-1 problem is selected, the confirmation menu is displayed. The benchmark calculation is usually time consuming, so that the system indicates the process identification number to the user, then the system puts the execution into a background process and terminates the user session. If the user process is completed, the information is relayed to the user by e-mail. If the user opens a new session and clicks the confirmation button in Fig. 4 , a menu will appear, as shown in Fig. 6 . If the user selects a plot graph at the position of 20.32 cm, the figure will be displayed as shown in Fig. 7 [9] .
If the user selects criticality benchmark problems, benchmarks categorized by each reactor type are shown. If the user chooses the U235 thermal type, criticality benchmarks available in this system are displayed as shown in Fig. 8 . If one of the criticality benchmarks is selected, a confirmation menu appears; then the system puts the execution into a background process, and terminates the user session. The user can continue the succeeding process after an e-mail notification from the system. The user will be able to plot a systematic result for criticality benchmarks using the system as shown in Fig. 9 [10].
CONCLUSION
A conceptual design and a prototype system of the integrated nuclear data utilization system was completed. The system is expected as a verification tool of nuclear data for development of innovative nuclear reactors, because cross-section generation from nuclear data and the various benchmarks for FIGURE 9. C/E ratios of k eff for criticality benchmark calculations, reproduced with permission from [10] .
criticality and shielding problems can be easily performed. The system will be completed in the 2006 fiscal year; a quality assurance program for the next JENDL project is expected to be applied.
